By copolymerizing a thermosensitive primary component, N-isopropylacrylamide (NIPA), and an ionic secondary component, 2-acrylamido-2-methyl-1-propanesulfonic acid (AMPS) between two substrates of hydrophilic glass and hydrophobic polytetrafluoroethylene (Teflon), a novel composition-gradient copolymer gel, in which the AMPS content decreases gradually towards Teflon, is prepared. The formation of the composition-gradience in NIPA-co-AMPS gels is discussed in terms of the work of adhesion between a solution and a substrate, i.e. the liquid-solid interfacial free energy. 
Introduction
Thermosensitive hydrogels or so-called intelligent gels have attracted a great deal of attentions for applications as actuators, drug delivery systems and sensors. In a previous study [1] , the current authors prepared a novel composition-gradient copolymer gel with a thermosensitive component for use as intelligent gels, in which the composition gradually changes with the distance. Attention was focused on the difference in the hydrophilicity/hydrophobicity of the polymers or substrates. The slab-shaped copolymer gels of a thermosensitive primary component,
N-isopropylacrylamide
(NIPA), and an ionic secondary component, 2-acrylamido-2-methyl-1-propanesulfonic acid (AMPS) were prepared between two substrates of hydrophilic glass and hydrophobic polytetrafluoroethylene (Teflon).
Poly(NIPA) dissolved in water, has a lower critical solution temperature in the vicinity of 305 K [2, 3] and NIPA gels isotropically swell and shrink in three directions, in response to changes in temperature. In the resulting NIPA-co-AMPS gel, the AMPS content decreased gradually towards the Teflon wall. The thermosensitive composition-gradient NIPA-co-AMPS gel underwent an anisotropic change in shape, i.e.
it reversibly bended and stretched in response to the change in temperature, as a function of the hydrophilic/hydrophobic transition of poly(NIPA) in water.
The purpose of this study is to elucidate the factors involved in the formation of the composition-gradient copolymer gel. The results obtained in a previous study [1] imply that the interaction of a solution under gelation and a substrate has a remarkable influence on the formation of composition-gradient gels. Therefore, the aim of the present work is to investigate the work of adhesion between a solution and a substrate,
i.e. the liquid-solid interfacial free energy. The work of adhesion, Wa, was determined from the Young-Dupré equation [4] , Wa = γ l (1+cosθ), on the basis of the measured contact angle, θ , and surface tension, γ l , in an aqueous solution system containing NIPA or AMPS monomers or polymers and glass or Teflon substrates. The distribution of the composition in the NIPA-co-AMPS gels prepared between glass and Teflon substrates at various distances, is discussed in terms of the work of adhesion.
Experimental

Preparation of Gel and Measurement of Composition
NIPA was kindly supplied by Kohjin Co. and was purified by recrystallization from a benzene/hexane solution prior to use. The AMPS was used without further purification. The NIPA-co-AMPS gels were prepared by free radical copolymerization. Teflon, respectively. The cross-sectional area of the reactor was 60 · 60 mm 2 and the distance between two substrates was 3, 5 or 10 mm.
The AMPS content in NIPA-co-AMPS gels was determined using the previously described method [1] , i.e. neutralization with NaOH aqueous solution. The slab-shaped gels were cut at 1.0 mm intervals in a direction perpendicular to the substrates, thoroughly washed with deionized water and then dried. The dried gels were put in NaOH aqueous solution. After the equilibrium is attained, the outer solution was removed and titrated with HCl aqueous solution. The AMPS content in the sliced gels was calculated by the mass balance of Na ions.
Preparation of Polymer
Each NIPA and AMPS polymer without N,N'-methylenebisacrylamide was prepared by basically following the same procedure as for the gel. The free radical polymerization of NIPA or AMPS aqueous solution was carried out at 298 K. The resulting polymers were thoroughly washed with deionized water to remove the unreacted monomers and polymers of low molecular weight, where a cellulose tubular membrane with a molecular weight cut off, MWCO, of 13000 was used.
Surface Tension Measurement
The liquid-gas surface tension was measured by the drop weight method [5] . The 
Contact Angle Measurement
The contact angle, θ, of the liquid sample on the glass or Teflon plate was measured by the sessile drop method. The liquid samples used were the same as those utilized in the surface tension measurement. A droplet of 5 μL was deposited using a micropipette on the plate in a thermostatically controlled chamber at 293 or 313 K.
Immediately after settling the drop, a photo of it was taken with a digital camera. The contact angle, θ, was graphically read from the photo. shows similar values and behavior. For a NIPA polymer of 5 mol-monomer unit/m 3 , the value of γ l at 313 K was higher than that at 293 K, although a smaller value of γ l was predicted at 313 K, on the basis of the hydrophobicity of poly(NIPA). 
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The work of adhesion between a solution and a substrate is the liquid-solid interfacial free energy. A higher value of the work of adhesion corresponds to a stronger interaction between a solution and a substrate. 
Factors Controlling the Formation of Composition-Gradient Gel
In the previous section, the formation of the composition-gradient gels was discussed in terms of the static work of adhesion measured. This process could be repulsive forces between a solute and a substrate act in the region of the nanometer or sub-nanometer order. Thus, the composition-gradient formed over a distance of several mm is not all attributed to the intermolecular forces. Osada et al. [7, 8] reported that in the preparation of AMPS gel using a hydrophobic wall, the polymer density was lower towards the hydrophobic wall over a distance of several mm, which was interpreted in terms of the interfacial energy of the polymer to the wall and the osmotic pressure of the solution. In this study concerning the preparation of the NIPA-co-AMPS gels, the repulsion of AMPS to Teflon may trigger the formation of the composition-gradient gel, at a distance of several mm.
Conclusions
The slab-shaped NIPA-co-AMPS gels prepared between two substrates of glass 
